Objectives: To provide a reference range for plasma total homocysteine (tHcy), an independent risk factor for vascular disease, and to explore relationships with nutritional indices for people aged 65 y and over, in the UK National Diet and Nutrition Survey (NDNS). Design: The survey procedures described in the National Diet and Nutrition Survey Report (1997) included a health-and-lifestyle interview, a four-day weighed diet record, anthropometric and blood pressure measurements and a fasting blood sample for biochemical indices, including tHcy. Setting: Eighty randomly selected postcode sectors from mainland Britain during 1995±1996. Subjects: Of 2060 people interviewed, 1527 were visited by the nurse, 1276 gave a blood sample and 972 had tHcy measured. About 80% were in their own homes and the remainder were in nursing homes or similar institutions. Results: Signi®cant cross-sectional relationships, both univariate and multivariate were found between tHcy and index concentrations of folate and vitamin B 12 (P`0.0001), and between tHcy and plasma creatinine, urea, calcium, zinc, a 1 -antichymotrypsin, lutein and cysteine (P 0.013 to`0.0001). Dietary nutrient analyses showed an association with folate intake. tHcy was also correlated with age and with domicile (free-living or institution), with history of vascular disease and with use of four classes of drugs, two of which are prescribed for vascular diseases. There was a north-south gradient in tHcy (P 0.005), and also in food choices, blood micronutrient indices and vascular disease prevalence. Conclusions: The concentrations of tHcy found in this study provide a reference range for people aged 65 y and over, in mainland Britain. tHcy is a valuable functional index of micronutrient status and intakes for British people aged 65 y and over, which can assist the development of health-promotion strategies.
Introduction
A raised concentration of total homocysteine in human serum or plasma (tHcy) has emerged as a predictor of vascular disease risk, and as a functional index of Bvitamin status . Its relationships to folate, vitamins B 12 and B 6 result from the cofactor requirements for methionine formation from homocysteine and the alternative pathway of homocysteine disposition, via cystathionine Finkelstein, 1990) .
In cross-sectional and case-control studies Malinow, 1990; Clarke et al, 1991; Pancharuniti et al, 1994) tHcy was independent of other vascular risk factors: blood lipids, body mass index, hypertension, smoking and diabetes. Studies of carotid artery stenosis by ultrasonography in 67±96 y old Americans revealed crosssectional correlations with raised tHcy, and with low levels of folate or vitamin B 6 (Selhub et al, 1995) . Raised tHcy is also a risk factor for deep vein thrombosis (Den Heijer et al, 1996) , other peripheral arterial occlusive disease (Mansoor et al, 1995) and cerebrovascular disease (Perry et al, 1995) . tHcy was lowered in elderly Europeans given supplements of folate, vitamin B 12 and vitamin B 6 (Naurath et al, 1995) . Studies of relationships with vitamin intakes and status have been used to de®ne normal ranges of tHcy (Selhub et al, 1993; Rasmussen et al, 1996; Joosten et al, 1996) .
Plasma tHcy together with other data from the Diet and Nutrition Survey which is nationally representative of people aged 65 y or over in mainland Britain, is presented here.
Subjects and methods
The design and execution of the National Diet and Nutrition Survey of people aged 65 y and over has been described (Finch et al, 1997) ; therefore only the main features are summarised. Social Community Planning and Research (SCPR), on behalf of the British Government (Departments of Health (DH), and Ministry of Agriculture, Fisheries and Food (MAFF)) recruited participants from eighty randomly selected postcode sectors (October 1994 to September 1995 . Within each sector, all private households and relevant long-stay institutions, such as nursing homes, were approached to ascertain the age and gender of the inhabitants. A further random selection then achieved the required numbers in 6 subgroups, strati®ed by age and gender.
A ®eldworker invited participation, comprising an interview about health and lifestyle factors, a four-day weighed dietary record, anthropometric, blood pressure and grip strength measurements, and providing a urine sample and an early morning blood sample, usually fasting. Blood was collected into four Sarstedt monovettes for measurement of: (a) routine haematology; (b) haematinic indices; (c) clotting factors and (d) biochemical indices.
Immediately after collection, the heparinised blood sample (d) for biochemical analyses, was rapidly chilled in a cool-box containing a freezer pack, to maintain it at 4±8
C during transportation to a local hospital laboratory. It was then immediately separated into plasma and red cells; the red cells were washed with normal saline for subsequent red cell enzyme (B-vitamin status)-assays. Because there is evidence that storage of whole blood, especially at room temperature, results in leakage of homocysteine from the cells and thus an increase in plasma tHcy (Andersson et al, 1992; Ubbink et al, 1992; Kittner et al, 1995) , the effect of duration in transit before separation was examined. Those samples which were delayed longest (6±10 h) had values no higher than those with the shortest delays (0±2 h); therefore the chilled transportation-protocol was effective in preventing a progressive increase in plasma concentration. A portion of whole blood was stabilised with 1% w/v ascorbate for red cell folate assay, and a portion of plasma was stabilised with 5% w/v metaphosphoric acid for plasma ascorbate assay. The subsamples (a) to (c) of blood were sent by ®rst class post at room temperature, to Addenbrooke's Hospital Haematology Laboratory, Cambridge UK; for haematology; for assays of serum folate, vitamin B 12 and ferritin, and for clotting factors (®brinogen, prothrombin time and activated partial thromboplastin time. The remainder of the assays, except tHcy and cysteine, were performed on subsample (d) at the Dunn Nutrition Unit, Cambridge, UK. Portions (0.5 ml) of sample (d) were sent on solid CO 2 to Stavanger, Norway for the measurement of tHcy and total cysteine by reverse phase high pressure liquid chromatography of samples treated with sodium borohydride, sulphosalicylic acid, dithioerythritol and monobromobimane (Mansoor et al, 1992) .
Diet records were coded at SCPR, University College, London, and MAFF, and used to calculate individual daily nutrient intakes from tables. Estimates of additional vitamin intakes from vitamin supplements (tablets, syrups, etc) were included: these were used regularly by ca. 13% of the participants.
Data reduction was performed with Microsoft`Excel' and Data Description Inc.`DataDesk', computer programmes, using univariate and multiple linear regression with or without log transformation.
Permission for the survey procedures was obtained from Local Research Ethics Committees associated with each postcode sector, and the MRC Dunn Nutrition Unit's Ethics Committee.
Results
Of a total of 2624 people who were approached; 2059 completed the main (initial) interview and 1687 provided a complete food diary. 1276 blood samples were collected, of which homocysteine assays were performed on 972, and other biochemical and haematological measurements on between 972 and 1276 samples, depending on the amounts available for or after various prioritised procedures (Finch et al, 1997) . No differences could be detected between the 972 subjects who yielded tHcy measurements and the remainder (up to 1087) who completed the main interview and some other elements of the survey; with respect to diet, biochemistry, anthropometry, haematology or lifestyle indices. They were marginally less likely to be taking a variety of medicines, and thus may have been somewhat ®tter than average. tHcy values by gender and domicile categories [ Table 1 and Figure 1 ] increased with age and were higher in institutions. Gender, however, exerted only a minor in¯u-ence. With the free-living and institution groups combined, there was a signi®cant gender difference (M b F by Student's t-test) only for the youngest of the three age-groups: t 2.76, 343 df, P 0.006. tHcy was no higher in nonfasting (n 130) than in fasting (n 815) samples. As expected, tHcy was positively skewed, and since there were no zero values, the tHcy values were logarithmically transformed before regression analysis. Since many other biochemical indices and intake estimates were also positively skewed, log transformations were employed. Table 1 also lists folate intake data (including supplements); intakes declined with increasing age and with institutional domicile.
Indices inversely related to tHcy by univariate regression only, included plasma cholesterol and HDL cholesterol, iron and iron-binding capacity, plasma albumin, vitamin C, 25(OH)-vitamin D, retinyl palmitate, a-tocopherol, b-cryptoxanthin, lycopene, and a-and b-carotenes. Erythrocyte transketolase activation coef®cient was directly related to tHcy. None of these made a signi®cant contribution to the multiple regression model (see Table 2 ). The following indices were unrelated to tHcy, plasma retinol, gammatocopherol, serum ferritin, plasma phosphate, plasma copper, blood glutathione peroxidase, plasma alkaline phosphatase, gamma glutamyl transferase, prothrombin time, and activated partial thromboplastin time. Table 2 provides a multiple linear regression analysis of all biochemical indices which contributed to the model of log (tHcy) at P`0.05, after entering age, gender and domicile. The indices which are inversely related imply an association of low tHcy with`good' nutritional status, and likewise for EGRAC, which increases with increasing severity of ribo¯avin depletion. Log (tHcy) was related to haemoglobin: t 7 4.43, P`0.0001; to mean cell volume: t 3.71, P 0.0002; and to neutrophil count: t 4.34, P`0.0001, after correction for age. However, none of these indices contributed to the multiple regression model [ Table 2 ].
Some anthropometric and functional indices were related to log (tHcy): body weight: t 2.80, P 0.004; body mass index: t 72.56, P 0.01; mid-upper arm circumference: t 7 4.96, P`0.0001; and grip strength: t 3.37, P 0.008; diastolic blood pressure: t 7 2.36, P 0.018; and pulse rate: t 2.55, P 0.011. There was no signi®cant relation with a current smoking score, calculated from the number of cigarettes, cigars or pipes currently smoked per day, but a signi®cant direct relationship was detected with number of years of smoking (without considering numbers smoked), in previous smokers who had already stopped before the survey: t 2.71, P 0.007. After adjustment for age, gender and domicile none of these were signi®cantly related to log (tHcy).
Log (tHcy) was directly related: P`0.02 with use of four classes of drugs: diuretics and acetylcholinesterase inhibitors (both prescribed for vascular diseases) urinary tract drugs and skin disease drugs.
By univariate analysis, dietary energy and many other nutrients (starch, alcohol, potassium, calcium, magnesium, phosphate, iron, copper, zinc, manganese, iodine, retinol, carotenoids, thiamine, ribo¯avin, niacin, vitamin B 6 , pantothenate, biotin, cis n-3 fatty acids, fructose, and intrinsic milk sugars) were inversely related to log (tHcy), while non-milk extrinsic sugars and sucrose were directly related. After adjusting for age, gender and domicile, the only dietary nutrients (log transformed) which contributed signi®cantly and independently in a multiple regression model (Table 2) were folate, non-starch polysaccharides, phosphorus and vitamin B 6 , all inversely related, and sodium and magnesium were directly related. An alternative model included sucrose and retinol intakes but not phosphorus and magnesium.
Nutrients obtained from supplements which exhibited signi®cant inverse correlations with log (tHcy) were folate: P 0.005; vitamin A: P 0. Of food groups, the use of those breakfast cereals which were not whole-grain nor high ®bre, namely those which are likely to be forti®ed with extra vitamins, was very strongly related to folate intake: t 32.7, and inversely correlated with tHcy: t 74.97. Liver use was correlated with folate intake: t 11.6 and inversely with tHcy: t 7 3.22. Figure 2 depicts the relationships of tHcy with three biochemical indices (serum folate, serum vitamin B 12 and creatinine) and with folate intake by tenths of their distribution, after correction for other contributing biochemical indices or nutrient intakes, and for age, gender and domicile.
Key variables by geographical region of Britain are shown in Table 3 . tHcy was highest in Scotland and higher in the north of England than in the south. The north/south gradient for tHcy (adjusted for age, gender and domicile included) was signi®cant, t 7 2.78, P 0.005. It was attenuated if dietary or blood micronutrient determinants were introduced into the model. A geographical gradient was also detected plasma vitamin C, with a b 2-fold difference between Scotland and the south of England and for red cell folate, plasma lutein, serum folate, serum vitamin B 12 , EGRAC, and intakes of folate, vitamin C and ribo¯avin (Table 3) .
Plasma creatinine, urea, zinc and calcium levels and sodium and energy intakes did not exhibit signi®cant geographical gradients. Biscuits, meat pies, pastries and soups were eaten more frequently in the north, whereas leafy green cooked and raw vegetables, certain types of The mean values for`all' subjects in each category have been adjusted to a weighted mean, by applying a weighting correction to each observation, to correct for known sampling biases. The resulting mean values are thus truly representative of the population aged 65 y and over, in mainland Britain.
Plasma total homocysteine CJ Bates et al fruit and wines were eaten more frequently in the south. More people used vitamin supplements in the south. History of cardiovascular plus cerebrovascular diseases revealed a greater prevalence in the north (Table 3) , and history of vascular diseases was directly, though weakly, correlated with tHcy: t 2.80, P 0.005. Neither folate intake nor serum folate were correlated with history of these diseases, but paradoxically, red cell folate was directly, though weakly, correlated with them: t 2.52, P 0.012.
Discussion
Increase of tHcy with age (Table 1 and Figure 1 ) accords with previous studies Brattstrom et al, 1994) . The overall arithmetic mean tHcy of 15.2 mM in free-living subjects is greater than the arithmetic mean (11.9 mM) in 65 Swedish adults aged 35±61 y, obtained by the same assay procedure (Mansoor et al, 1995) , or the geometric mean (11.9 mM) observed in 118 British adults aged 40±59 y (Perry et al, 1995) . In the present study gender differences disappeared in the oldest groups, and people in institutions had the highest tHcy levels (Table 1) . Although different assay procedures may differ to a small extent in the tHcy values obtained, with identical plasma samples, and even with the very rigorous precautions taken, a small amount of red cell leakage of homocysteine may have occurred (Kittner et al, 1995) , the values obtained in the present study can provide reference ranges for British people aged 65 y and over (Table 1 and Figure 1) .
As previously observed (Pancharuniti et al, 1994; Naurath et al, 1995; Brattstrom et al, 1994; Koehler et al, 1996; Tucker et al, 1996) , folate and vitamin B 12 status were again strong determinants of tHcy in all age groups (Table 2, Figure 2) . A direct relationship between tHcy and plasma creatinine has been documented (Pancharuniti et al, 1994; Perry et al, 1995; Brattstrom et al, 1994; Koehler et al, 1996) and may re¯ect metabolic and renal interconnections (Brattstrom et al, 1994; Koehler et al, 1996) ; the same is true of plasma urea (Koehler et al, 1996) . Inverse relationships between tHcy and plasma lutein or plasma zinc have not previously been reported; they may re¯ect dietary or Figure 1 Variation of tHcy by age, in free-living people. tHcy concentrations reference centiles, ®tted by a maximum penalized likelihood procedure (Cole & Green, 1992) , for free-living people, both sexes combined.
health determinants. The direct correlation between tHcy and plasma calcium (Pancharuniti et al, 1994) , has not yet been explained. a 1 -Antichymotrypsin (Table 2 ) and neutrophil count were directly related to tHcy, and should re¯ect acute phase status.
The correlation between tHcy and cysteine (Table 2 ) probably re¯ects the metabolic inter-connections between sulphur amino acids (Brattstrom et al, 1994) . Cysteine, however, does not share the special characteristics of tHcy as an index of vascular risk and B-vitamin status.
Previous studies have reported a direct correlation between tHcy and plasma albumin or plasma proteins (Pancharuniti et al, 1994; Koehler et al, 1996) , attributed to disulphide bond formation. In the present study, plasma albumin was inversely related to tHcy, although not when age and domicile were introduced. Inverse relationships between tHcy and total or HDL-cholesterol were observed, but were not robust. Plasma cholesterol, HDL-cholesterol and albumin all decline with increasing age in older people, whereas tHcy increases. The most interesting tHcy determinants were those which remained signi®cant after adjustment for age.
A lack of strong relationships between tHcy and anthropometry, current smoking habit, blood pressure and pulse rate accords with previous studies Malinow, 1990) , although in some, direct relationships were observed with smoking (Mansoor et al, 1995) , and body mass index (Koehler et al, 1996) . The direct relationship observed here, between tHcy and number of years of smoking in previous smokers is puzzling, and suggests a need for study of reasons why some older people are persuaded to stop smoking. The direct relationship between tHcy and use of drugs, especially diuretics and acetylcholinesterase inhibitors for vascular disease, accords with previous studies of relationships between raised tHcy and vascular disease Malinow, 1990; Clarke et al, 1991; Pancharuniti et al, 1994; Selhub et al, 1995; Den Heijer et al, 1996; Mansoor et al, 1995; Perry et al, 1995) . As predicted, there was a direct relationship, albeit weak, between tHcy and self-reported history of vascular disease.
Only six nutrient intakes signi®cantly and independently affected tHcy after adjusting for age, gender and domicile (Table 2) . However, many more nutrients, including energy, exhibited signi®cant univariate correlations. Energy intake (and expenditure) and many other nutrients related to energy intake fell with increasing age, whereas tHcy increased. Direct correlation of tHcy with sucrose or non-milk extrinsic sugar intakes may re¯ect typical dietary preferences of frail elderly people; such diets may lack protective nutrients, and the frail elderly may have raised tHcy for non-dietary reasons.
Our data indicate that the consumption of non-wholegrain, non-high-®bre breakfast cereals and of liver may be considered as`protective', against increased levels of tHcy, presumably because they are rich in certain vitamins, including folate. A recent study in the USA (Tucker et al, 1996) concluded that vitamin-forti®ed breakfast cereals are an important source of dietary folate, and exert an important in¯uence on tHcy.
The geographical patterns observed for tHcy and other indices (Table 3) parallel the known north-south gradient in vascular disease prevalence (Acheson & Williams, 1983) .
Previous UK surveys of older people (Department of Health and Social Security, 1972; 1979) have focused attention on micronutrient status, since declining appetites and increasing burdens of disease and stress may increase the risk of micronutrient de®ciencies. Development of new functional indices such as plasma homocysteine to link disease risk with diet and nutrition, should help to focus health-promotion strategies in this vulnerable age-group. Although there is no direct evidence that an improvement of vitamin status will protect against degenerative conditions such as vascular diseases in older people, there is a growing interest in the possibility that manipulation of tHcy by increasing folate intakes, in particular, may be bene®cial. There have been several calls for controlled trials, during the past two years (Clarke et al, 1991; Den Heijer et al, 1996; Gallagher et al, 1996) . Disease score: each subject scored 1 point for a positive answer to questions about current or past history of heart attack, stroke, hypertension, or other heart conditions and 0 for none of these. A higher mean overall value for a given region thus may imply a higher local prevalence of cardio-or cerebrovascular diseases.
